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Spring dead spot (SDS) is the most destructive disease of bermudagrass and
symptoms appear as sunken, necrotic patches in the spring of the year. Studies were
conducted on a bermudagrass fairway to determine the effect of soil temperature and
frequency of occurrence of O. korrae in bermudagrass roots. Characterization of O.
korrae isolates was based on growth temperature and pathogenicity studies. Management
practices were evaluated for the reduction of SDS severity and thatch/mat layer,
promotion of improved turf color, quality, and root health.
Ophiosphaerella korrae occurrence was greatest in the winter and spring. There
was no direct association between soil temperature and frequency of O. korrae
occurrence. Spring dead spot severity ratings were similar. Vertical mowing had a
significant effect on fall turf color in 2005 and fall turf color and quality in 2006. Cultural
practices were consistent for significantly reducing the thatch/mat layer and improving
root health.
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CHAPTER I
INTRODUCTION
Bermudagrass (Cynodon L.C. Rich) was introduced in the mid-1700’s to the U.S
through seed from hay used as bedding on ships from Africa (Hanson, 1972). The grass
continued to spread across the eastern U.S by way of seed production. Bermudagrass
seed was planted by farmers for forage purposes, and eventually became used as lawn
coverage (Kopec, 2003).
In the southeastern U.S, bermudagrass was planted on lawns and golf courses in
the 1920’s (Kopec, 2003). The first bermudagrass recognized as a turf in the U.S was ‘St.
Lucie’ (Tracy, 1917). At that time, golf greens were simply sand surfaces used for
putting. According to Kopec (2003), some people began seeding bermudagrass as an
alternative putting surface. Over the years, some bermudagrass greens exhibited turf with
a low growth habit. A sample was removed from one of these type greens in Savannah,
Georgia. The turf was evaluated and eventually sold under the name ‘U-3’.
Evolution of hybrid bermudagrasses
In 1946, the Southeastern Turf Research Center was established at the Georgia
Coastal Plain Experiment Station in Tifton, Georgia. After establishment of the center,
bermudagrass breeding, evaluation, and selection made a monumental turn for the better.
According to Robinson and Burton (1950), forty-nine plugs of bermudagrass were taken
1

from various putting greens throughout the southeastern U.S. These plugs were
established and compared with various pasture-type and seeded bermudagrasses. The
bermudagrass samples were maintained under putting green and fairway conditions. The
bermudagrasses were evaluated for disease resistance, density, fineness, aggressiveness,
spring green-up, weed infestation, and recovery from overseeding with ryegrass. After
three years of evaluation, several of the bermudagrasses showed superior performance to
existing cultivars.
Common bermudagrass (Cynodon dactylon [L.] Pers.) and bermudagrass hybrids
(Cynodon dactylon X Cynodon transvaalensis Burtt-Davy) are the most popular species
of warm season turfgrasses grown in the southern U.S. Dr. Glenn W. Burton of the
Georgia Coastal Plain Experiment Station selected a chance hybrid between C. dactylon
and C. transvaalensis after it appeared in a seed lot of African bermudagrass (C.
transvaalensis). As a result of its stiffness and fast lateral growth, it appeared very
suitable as a fairway turf. ‘Tifway’ was an appropriate name since it was developed in
Tifton, GA and the intended use was on fairways (Burton, 1960).
Hybrid bermudagrasses, such as Tifway, are propagated through vegetative means
as sprigs, plugs, or sod, while common bermudagrasses are typically propagated by seed.
Lateral growth is achieved through stolons and rhizomes, leading to a fast establishment
rate. Bermudagrass has a very high growth rate. If ideal growth conditions could be
maintained for 1 year, 1m2 of bermudagrass could cover half of the land area of the world
(Busey and Myers, 1979). Improved varieties are very aggressive and exhibit a high
shoot density. The aggressive growth of bermudagrass promotes high levels of thatch
production. As a result, cultural practices such as vertical mowing and topdressing are
2

needed to maintain quality and reduce scalping. Bermudagrass has excellent recuperative
potential and wear tolerance. Due to these desirable growth characteristics, it is an
excellent turf to use on golf courses and athletic fields. Versatility of the hybrids is due to
their ability to be maintained at less than 1.3 to several cm in height, depending on its
intended use. Due to the wide range of mowing heights, bermudagrass hybrids are
commonly used as tee, rough, and fairway turf (Beard, 1973).
Bermudagrass is a true perennial warm-season turfgrass (WST) which is adapted
to various warm, humid, and semi-arid regions throughout the world. Bermudagrass has
excellent heat tolerance and drought resistance, but shade tolerance and cold hardiness
are poor (Beard, 1973). Bermudagrass is commonly grown in the transition zone, but is
most widespread south of the transition zone. Due to the poor cold hardiness,
bermudagrass usually enters a dormant state when soil temperatures drop below 10°C
(Burton et al., 1954). During this time, the turf turns a light-tan color due to the loss of
chlorophyll. Loss of green color and retardation of shoot growth continues until soil
temperatures are above 10°C (Youngner, 1959).
According to Vargas (2005), bermudagrass is susceptible to more diseases than
any other WST. Bermudagrass covers more acreage on golf courses than any other WST
and it has been studied extensively. Bermudagrass hybrids have undergone higher levels
of cultural practices than other WST, which has brought its disease problems to the
forefront (Vargas, 2005). Foliar, root-rot, decline, and patch diseases are prevalent
among bermudagrass. Patch diseases may be caused by root or foliar fungal pathogens.
Common bermudagrass patch diseases include spring dead spot (SDS) and large patch.
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Spring dead spot is a root-rot disease of bermudagrass that occurs wherever
bermudagrass is grown.
Spring dead spot
Spring dead spot (SDS) is the most destructive disease of bermudagrass and its
hybrids in the U.S and Australia (Smiley et al., 2005). Spring dead spot is most prevalent
in the U.S where winter temperatures become cold enough to induce bermudagrass
dormancy (Crahay et al., 1988). Symptoms of SDS appear in the spring when
bermudagrass begins to break dormancy. The disease appears as sunken, necrotic patches
of turf ranging from several centimeters to greater than 0.5 m in diameter. The dead
patches may reappear in the same spots for several consecutive years (Endo and
Krausman, 1985). Infected roots, rhizomes, stolons, and crowns at the time of patch
formation have a black, rotted appearance. The surface of the same plant parts may also
have flattened sclerotia with runner hyphae (Couch, 1995). Although necrotic spots may
recur in the same areas, the shape and size may vary. Individual patches may coalesce to
form one large spot (Baird et al., 1998). In the northern most regions of bermudagrass’
zone of adaptability, some spots may fail to recover, therefore allowing weeds to fill in
the dead areas (Wadsworth and Young, 1960). Diseased spots located on closely mown
bermudagrass turf recover faster those found on bermudagrass maintained at 2.5 cm or
more (Couch, 1995). After five to six consecutive years of infection, disease activity may
cease in a particular area for unknown reasons (Anderson et al., 2002). Spring dead spot
affects intensively managed bermudagrass turf that is at least three years old. Intensively
managed turf includes those having high nitrogen inputs and low mowing heights. High
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levels of nitrogen late in the growing season are commonly associated with a higher level
of SDS occurrence during spring green-up (Pair et al., 1986).
Three similar species of ectotrophic root-infecting fungi, Ophiosphaerella
herpotricha (Fr:Fr) Walker, O. narmari (Walker and Smith) Wetzel, Hulbert, and
Tisserat (synonym: Leptosphaeria narmari Walker and Smith), and O. korrae (Walker
and Smith) Shoemaker and Babcock (synonym L. korrae Walker and Smith) have been
identified as causal organisms of SDS in the U.S (Wetzel et al., 1999b). Ophiosphaerella
herpotricha has been isolated primarily from bermudagrass in the Midwestern states. Of
the three SDS pathogens, O. herpotricha has been considered the most significant in
Kansas and Oklahoma (Tisserat et al., 1989; Wetzel et al., 1999a). Buffalograss (Buchloe
dactyloides [Nutt.] Engelm.) has also been reported to express symptoms of SDS caused
by O. herpotricha (Tisserat et al., 1999). Ophiosphaerella narmari is commonly isolated
from couch grass (bermudagrass) in Australia (Walker and Smith, 1972).
Ophiosphaerella korrae was first isolated as a SDS pathogen in Australia (Smith, 1971)
and has also been isolated from creeping red fescue (Festuca rubra L. subsp. rubra
Smith) in Maryland (Dernoeden et al., 1995), California (Endo and Krausman, 1985), and
commonly isolated from bermudagrass grown in the southeastern U.S. (Iriarte et al.,
2004; Wetzel et al., 1999b). Ophiosphaerella korrae is also the causal organism of
necrotic ring spot in Kentucky bluegrass (Poa pratensis L.), annual bluegrass (Poa annua
L.), and red fescue (Worf et al., 1986; Landschoot, 1996; Dernoeden et al., 1995).
Spring dead spot was first observed by a golf course superintendent from
Oklahoma as early as 1936, but was not officially researched until 1954 (Wadsworth and
Young, 1960). According to Wadsworth and Young, SDS was being observed in
5

bermudagrass lawns and other recreational areas. Little was known about SDS
distribution, but in 1959 the disease was reported in Kansas, Nebraska, Pennsylvania,
Missouri, and Arkansas. In 1960, SDS symptoms were found on U-3, ‘Arizona
Common’, ‘Tiffine’, and ‘Tifgreen’ bermudagrass varieties. However, SDS was only
observed on highly maintained turf and not “pasture grass type of management”
(Wadsworth and Young, 1960). No distinct cause of the disease was identified at that
time, but several Helminthosporium spp. were isolated on a frequent basis. Inoculations
were made with these fungi, but no SDS symptoms occurred. Subsequently, it was
thought that some abiotic practice might have influenced disease occurrence. After three
years of research, it was concluded that a species of a root-rot fungus was the causal
organism of SDS (Wadsworth and Young, 1960).
The inability of bermudagrass to grow back into severely infected spots was
thought to be due to the resilience of the pathogen or from lingering toxins produced by
the pathogen. Researchers were unable to reproduce the disease using natural means, but
Helminthosporium spiciferum (Bain.) Nicot was continually isolated from symptomatic
roots and was thought to cause SDS (Wadsworth et al., 1968). Between 1965 and 1969,
George Kozelnicky (1974) and his colleagues at the University of Georgia performed a
fungal survey of SDS-infected roots. Helminthosporium, Pythium, Fusarium, and
Curvularia spp. were all isolated, but did not reproduce SDS symptoms on Tifway or
Tifgreen bermudagrass.
In 1965, Ophiobolus herpotrichus (Fr.) Sacc.was reported as the causal organism
of SDS that was being observed in the U.S and New South Wales, Australia (Walker and
Smith, 1972). In 1967, another similar fungal species with smaller spores was being
6

isolated from couch grass (bermudagrass) in New South Wales. The pathogen was
reported as an undescribed species of Leptosphaeria, and was named L. narmari. Upon
further review, the O. herpotrichus isolated by Smith (1965) was thought to be another
undescribed species of Leptosphaeria, and was named L. korrae. Leptosphaeria narmari
and L. korrae were placed in the same genus since spore length was the only
differentiating factor (Walker and Smith, 1972).
Disease symptoms resembling those of SDS had been observed in California for
several years, and the causal organism was identified as L. korrae (Endo and Krausman,
1985). Leptosphaeria korrae was also identified on symptomatic turf in Maryland
(Crayhay et al., 1988). Gaeumannomyces graminis (Sacc.) v. Arx. & Oliver var.
graminis was also reported to be a causal organism of SDS in the southeastern U.S
(McCarty and Lucas, 1989). In Kansas, L. korrae and L. narmari could not be isolated
from diseased turf, but Ophiosphaerella herpotricha was consistently isolated (Tisserat et
al., 1989).
Shoemaker and Babcock (1989) reassigned L. korrae to Ophiosphaerella korrae
based on descriptions by Walker (1980). Tisserat et al. (1994) provided molecular
evidence that O. korrae is closer to Ophiosphaerella than Leptosphaeria. After observing
DNA sequence similarities between O. herpotricha, O. korrae, and L. narmari, L.
narmari was reassigned to Ophiosphaerella as well. In 1999, O. narmari was identified
on bermudagrass for the first time in North America (Wetzel et al., 1999b). In 2004, a
study investigated the genetic diversity of Ophiosphaerella spp. The sample size included
204 cores collected from 24 locations in eight states. In North Carolina, O. herpotricha
and O. narmari were isolated for the first time. Prior to the study, O. narmari had only
7

been identified from infected bermudagrass roots from California, Oklahoma, and Kansas
(Wetzel et al., 1999a). Ophiosphaerella korrae was isolated from 73% of all samples and
was the most abundant pathogen in the southeastern U.S. In the study, 20 turf cores from
Starkville, MS were evaluated. Of the 20 cores, O. korrae was isolated from 16, while O.
herpotricha and O. narmari were not isolated (Iriarte et al., 2004). Currently in
Mississippi, O. herpotricha and O. korrae have been isolated from bermudagrass roots
symptomatic for SDS (Iriarte et al., 2004; unpublished data).
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CHAPTER II
FREQUENCY OF OCCURRENCE OF OPHIOSPHAERELLA KORRAE IN TIFWAY
BERMUDAGRASS ROOTS
Abstract
Field studies were conducted at Old Waverly Golf Club in West Point, MS on a
Tifway bermudagrass fairway beginning in January of 2005 and concluding in December
of 2006. This particular fairway had been symptomatic with spring dead spot (SDS) for
more than ten years. The study site was approximately 557 m2 and divided into 16.7 m2
plots. The study included seven treatments and a control. Treatments included core
aerification with and without topdressing, vertical mowing, manganese, elemental sulfur,
and myclobutanil fungicide applications. Data loggers were installed in control plots to
monitor soil temperature. Turf-soil cores were collected from replicated treatments to
determine frequency of O. korrae occurrence in bermudagrass roots. The frequency of O.
korrae occurrence ranged from 14% in 2005 to 16% in 2006, and was similar for all
treatments. Seasonality had a significant effect on O. korrae occurrence in bermudagrass
roots. Ophiosphaerella korrae occurrence was greatest in the winter and spring compared
to the summer and fall. There was no direct association between mean soil temperature
and frequency of O. korrae occurrence.
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Nomenclature: Ophiosphaerella spp., O. korrae (J. C. Walker & A. M. Smith)
Shoemaker & C. E. Babcock
Additional index words: core aerification; topdressing; manganese; sulfur; vertical
mowing; myclobutanil; species-specific primers.
Abbreviations: spring dead spot (SDS); potato dextrose agar (PDA); polymerase chain
reaction (PCR); deoxyribonucleic acid (DNA); manganese (Mn); sulfur (S).
Introduction
Spring dead spot is the most destructive disease of bermudagrass. The disease
occurs when temperatures become cold enough to induce a winter dormancy period in
bermudagrass, resulting in the appearance of symptoms during spring transition.
Symptoms appear as sunken, necrotic patches of turf ranging from several cm to 0.5 m or
greater in diameter (Figure 2.1). Necrotic patches may recur in the same spot for several
consecutive years (Endo and Krausman, 1985). Infected roots, rhizomes, stolons, and
crowns at the time of patch formation appear black and rotted (Figure 2.2). The surface of
these plant parts may also have flattened sclerotia with runner hyphae (Couch, 1995).
Although necrotic patches may recur in the same areas, the shape and size may vary.
Individual necrotic patches may coalesce to form a large necrotic area (Baird et al.,
1998). In the northern most regions of bermudagrass zone of adaptability, some patches
may fail to recover, therefore allowing weeds to colonize symptomatic areas (Wadsworth
and Young, 1960).
Three similar species of ectotrophic root-infecting fungi, Ophiosphaerella
herpotricha (Fr:Fr) Walker, O. narmari (Walker and Smith) Wetzel, Hulbert, and
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Tisserat (synonym: Leptosphaeria narmari Walker and Smith), and O. korrae (Walker
and Smith) Shoemaker and Babcock (synonym: L. korrae Walker and Smith) have been
identified as causal organisms of SDS in the United States (Wetzel et al., 1999b).
Ophiosphaerella herpotricha has been isolated primarily from bermudagrass in the
Midwestern states and is considered the most significant of the three SDS pathogens in
Kansas and Oklahoma (Tisserat et al., 1989; Wetzel et al., 1999a). Buffalograss has also
been reported to express symptoms of SDS caused by O. herpotricha (Tisserat et al.,
1999).

Figure 2.1
Spring dead spot symptoms on a bermudagrass fairway.

14

Figure 2.2
Black, brittle bermudagrass roots infected with O. korrae.
Ophiosphaerella narmari is commonly isolated from couch grass (bermudagrass)
in Australia (Walker and Smith, 1972). Ophiosphaerella korrae was first isolated as a
SDS pathogen on couch grass (bermudagrass) in Australia (Smith, 1971) and has also
been isolated from creeping red fescue in Maryland (Dernoeden et al., 1995), and
commonly isolated from bermudagrass in California and the southeastern U.S. (Endo and
Krausman, 1985; Iriarte et al., 2004; Wetzel et al., 1999b). Ophiosphaerella korrae is
also the causal organism of necrotic ring spot in Kentucky bluegrass, annual bluegrass,
and creeping red fescue (Worf et al., 1986; Landschoot, 1996; Dernoeden et al., 1995).
Ophiosphaerella korrae belongs to the phylum Ascomycota, class Ascomycetes,
order Pleosporales, and family Phaeosphaeriaceae. No anamorph has been described for
O. korrae or O. narmari (Wetzel et al., 1999b). Ophiosphaerella spp. are not easily
distinguished by the symptoms they produce, but microscopically can be separated by
15

ascospore length (Tisserat et al., 2004). The longest ascospores are produced by O.
herpotricha (140-180µm x 2-2.5µm), followed by O. korrae (140-170µm x 4-4.5µm) and
O. narmari (45-62µm x 4-5µm). Each of the Ophiosphaerella spp. produce teleomorphic
structures called pseudothecia. The pseudothecia contain asci with eight ascospores. The
ascospores are twisted in a rope-like arrangement. Pseudothecia of O. narmari and O.
korrae are flask-shaped structures with a thick neck and globose body. However, the
neck on O. herpotricha is short and conical with a globose to sub-globose body.
Ophiosphaerella narmari has the largest pseudothecia (800µm x 650µm ) followed by O.
korrae (400-600µm x 300-500µm ) and O. herpotricha (300-400µm body). Hyphae on
host tissue is brown, septate, and branched forming flattened sclerotia (Walker and
Smith, 1972; Couch, 1995). Sclerotia, dormant mycelium, and pseudothecia can be found
on roots of the host and act as survival mechanisms during unfavorable conditions.
However, pseudothecia are rarely produced in nature nor in culture, therefore
identification using morphological characteristics can be difficult. As a result, more
advanced techniques such as polymerase chain reaction (PCR) are employed (Tisserat et
al., 2004). Using genomic deoxyribonucleic acid (DNA) from the fungus, the internal
transcribed spacer regions (ITS1 and ITS2) are amplified using primers specific for each
fungal species (Tisserat et al., 2004).
Ophiosphaerella korrae grows well on a variety of agar-based media (Couch,
1995). However, potato dextrose agar (PDA) has been used consistently to grow and
isolate Ophiosphaerella spp. from diseased roots. Several studies report the optimal
growth temperature of O. korrae on PDA is 25°C with minimal growth at 10°C (Walker
and Smith, 1972; Worf et al., 1986; Crahay et al., 1988). After ten days on PDA, colony
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morphology of O. korrae becomes very distinct. The fungus is initially hyaline turning
light gray as the colony matures. The progression of darkening pigment originates at the
center of the fungal colony moving outward. The agar medium becomes black, while the
aerial, floccose mycelium retains a gray pigment (Walker and Smith, 1972; Worf et al.,
1986; Crahay et al., 1988; Couch, 1995).
Spring dead spot has been observed on the 9th Tifway bermudagrass fairway at
Old Waverly Golf Club (West Point, MS) for over ten years. A biomass survey initiated
in April of 2004, revealed more than two-thirds of the fairway was symptomatic for SDS
(Appendix A). Samples were taken from symptomatic patches and fungal isolates were
obtained from symptomatic roots. Iriarte et al. (2004) isolated O. korrae from necrotic
roots obtained from several fairways symptomatic for SDS at the Mississippi State
University (MSU) Golf Course, Starkville, MS. The MSU O. korrae isolates were used
as positive controls for comparison with the Old Waverly isolates using species-specific
primers during PCR amplification of the ITS 1 and ITS 2 regions of fungal DNA
(Tomaso-Peterson and Lu, personal communication). Amplified products of all isolates
from the 9th fairway at Old Waverly were positively identified as O. korrae when
compared to the MSU isolates. Based on the O. korrae confirmation, the research
objectives of this study were to:
1. Determine the effect of cultural, nutritional, and chemical treatments on frequency
of occurrence of O. korrae in roots of Tifway bermudagrass.
2. Determine the frequency of occurrence of O. korrae in roots of Tifway
bermudagrass collected from the 9th fairway at Old Waverly Golf Club.
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3. Determine the effect of soil temperature on frequency of occurrence of O. korrae
in bermudagrass roots.
4. Characterize O. korrae isolates based on optimal growth temperatures and
pathogenicity evaluations.
Materials and Methods
The study was conducted on the 9th Tifway bermudagrass fairway at Old Waverly
Golf Club in West Point, MS. Individual treatment plots were 16.7 m2 and were
organized in a randomized complete block design with four replications. Field plot data
was collected for all months of 2005 and 2006. Treatments included cultural, nutrient,
and chemical practices. Treatment one served as the control. All cultural treatments were
carried out on August 30, 2004, June 20 and August 8 of 2005, and June 19 and July 24
of 2006.
Treatment two consisted of core aerification using a Toro® (The Toro Company,
Bloomington, MN) PTO (power take off)-driven aerifier (Figure 2.3). Aerification holes
were made using 1.6 cm dia. aerification tines. Holes made by the tines were
approximately 5 cm in depth to sufficiently break through the mat layer and the
underlying soil (Figure 2.4). Hole spacing ranged from 5 to 7.5 cm. Plots were aerified in
one direction only. Once aerification was complete, cores were removed from the
fairway.
Treatment three consisted of manganese (Mn) applications based on foliar
analysis results. Tissue analysis was performed by A & L Analytical Laboratories, Inc.,
Memphis, TN. The Mn source was Tecmangam® (Sulfamex Industries, Tampico,
18

Mexico). Tecmangam contains 32% water-soluble Mn and 19% sulfur (S). Applications
(2.27 kg Mn/ha) were made on August 4, 2004, September 7, 2005, and June 5, 2006
using a Scotts® (The Scotts Company, Marysville, OH) rotary hand spreader and
immediately watered in with 0.6 cm of water. Foliar analysis was conducted on the
control and Mn treatments to ensure the maintenance of moderate to high levels of Mn in
the bermudagrass (Appendix B).
Treatment four was a vertical mowing cultivation practice using a Graden®
(Graden Industries, Victoria, Australia) vertical mower. Vertical mowing was performed
in one direction (Figure 2.5). Thatch, partially decomposed plant material, and sand
brought to the surface as a result of vertical mowing were removed (Figure 2.6).

Figure 2.3
Bermudagrass plot following core aerification.
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Figure 2.4
Core aerification holes produced by the hollow tines.

Figure 2.5
Bermudagrass plot following vertical mowing.
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Figure 2.6
Up-close view of bermudagrass plant, thatch, and mat material.
Treatment five consisted of applications of S to maintain low soil pH. Sulfur was
applied at an initial rate of 91 kg/0.4 ha on August 30, 2004 and again on April 18, 2005.
On July 24, 2006, soil pH was 5.8 in a S-treated plot, therefore, 45 kg/0.4 ha of S was
applied to that plot only to reduce pH. All S applications were made while the
bermudagrass was actively growing using a Scott’s rotary hand spreader, and
immediately watered in with 0.6 cm of water. Soil pH was monitored throughout the
duration of this research (Table B.1, Appendix B). A soil pH range between 5.0 and 5.5
was the desired range throughout the duration of the field study. Samples were taken
from S-treated and control plots to monitor soil pH. Soil pH had slowly dropped in
control plots, due to the use of ammonium-based fertilizers by the Old Waverly Golf
Club maintenance crew. Therefore on July 24, 2006 approximately 5 kg of pelletized
lime was added to each control plot to raise soil pH near or above 6.0. Lime application
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was based on soil pH analysis. Soil analysis was performed by the Mississippi State
University Soil Testing Laboratory and in the turfgrass pathology lab.
Treatment six consisted of myclobutanil fungicide applications made according to
label instructions. This fungicide was included as it is labeled for SDS control and was
the fungicide applied on the fairways at Old Waverly Golf Club. Myclobutanil was
applied at 34g/93 m2 in a volume equivalent to 7.5 L H2O/93 m2 using a CO2-pressurized
(40 psi) backpack sprayer. The spray boom contained six nozzles (TeeJet 11008) with 25
cm nozzle spacing. Immediately following application, the fungicide was watered in with
approximately 0.6 cm of water to ensure root absorption. Applications were made on
November 5, 2004, November 6, 2005, and November 7, 2006, approximately 30 days
before dormancy.
Treatment seven consisted of core aerification plus topdressing. Aerification was
carried out as previously described for treatment two. However, once all soil cores were
removed, each plot was topdressed using a mixture of medium grade sand and Dakota®
reed sedge peat (Grand Forks, ND) (6:1 v/v). The sand and peat were thoroughly mixed
and applied using a Toro® 2500 topdresser. Each aerified plot was topdressed with
approximately 0.1 m3 of the topdressing mixture (Figure 2.7).
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Figure 2.7
Bermudagrass plot following aerification and topdressing.

Turf-soil samples
Turf cores were taken once per month from all replicated treatments. Three
random samples were collected from each plot (Figure C.1, Appendix C). Turf cores
were extracted by using a 3.8 cm dia. PVC pipe, and each soil core was approximately 10
cm in length. Samples were stored in plastic bags at 3°C until turf core processing was
complete. Soil was removed from the roots by washing and cut from the mat layer-soil
interface and used for O. korrae isolation.
Ophiosphaerella korrae isolation
Bermudagrass roots were used as source material to isolate and determine the
frequency of O. korrae occurrence. Roots were stored in plastic bags at 3°C until surface
disinfesting procedures were performed. Roots were rinsed in distilled water to remove
any excess soil or organic material. Individual symptomatic root pieces from each
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replicated treatment were chosen at random for plating. The proximal 1 cm of roots were
removed and agitated for 5 minutes in a 0.6% sodium hypochlorite solution plus 1 ml of
absolute ethanol to reduce surface tension. The root samples were rinsed three
consecutive times in sterile-distilled water for 5 minutes each. Surface disinfestation
procedures were recommended and used by Dr. Ned Tisserat (personal communication).
Once surface disinfestation was complete, roots were placed on sterile filter paper and
allowed to dry for 1h under a laminar flow hood (Figure C.2, Appendix C). Five roots
from each sample were chosen at random for plating on ¼ potato dextrose agar (PDA)
containing 6 g PDA and 15 g agar/L, 100mg streptomycin sulfate (dissolved in 5.0 ml
sterile dH2O), and 100mg chloramphenicol (dissolved in 2.5 ml ethanol). Roots were
incubated at 25°C for 5 to 7 days or until hyphal growth was observed growing from the
roots (Figure C.3, Appendix C). Hyphal growth characteristic of O. korrae mycelium was
transferred to PDA containing 39 g agar/L H2O. Mycelium was incubated at 25°C for 3-4
weeks. All colonies that resembled morphological characteristics of O. korrae previously
described by (Walker and Smith, 1972; Worf et al., 1986; Crahay et al., 1988; Couch,
1995) were grouped together (Figure D, Appendix E).
DNA extraction and PCR
A representative pure culture sample from each morphological group was selected
for DNA extraction and stored at 22°C (Figure C.4, Appendix C). Fresh mycelium
(approximately 50 mg) was removed from pure cultures growing on PDA and placed in
1.5 ml centrifuge tubes. Extraction of DNA from the mycelium was performed using the
DNeasy Plant Mini Kit (Qiagen Inc., Valencia, CA). After extraction, the DNA (100 µl
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solution) was stored at -80°C. DNA concentrations were determined using the Ultrospec
2100 pro UV/visible spectrophotometer (Biochrom Ltd., Cambridge, UK). The desired
DNA concentration for each PCR reaction was 10 ng/µl. Following DNA preparation, the
PCR protocol previously described by Tisserat et al. (1994) was followed. Primers used
in PCR reactions (MWG Biotech, High Point, NC) were at a concentration of 25 pmol/µl.
Species-specific primer sequences for O. korrae were as follows: OKITS1: 5'CCAAGTGCAGCACAAACTGCATG and OKITS2: 5'AAGAGGCTTAATGGGTGCCCAC
Each reaction mixture contained 2.5µl 10X magnesium free buffer, 2.0 µl MgCl2,
2.0 µl of 2mM dNTP solution, 1 µl of each 25 pmol/µl primer (OKITS1 and OKITS2), 1
µl of taq DNA polymerase, 2-10 µl of DNA solution, and buffered with molecular grade
H20 until each PCR reaction totaled 25 µl. The amount of DNA added to each reaction
was dependent on the DNA concentration of each sample. Each mixture was placed in an
Eppendorf Mastercycler (Eppendorf North America, Inc. Westbury, NY) and amplified
for 30 cycles (94°C for 1.5 min, 65°C for 45 sec, and 76°C for 1.5 min).
Gel electrophoresis was performed immediately following the completion of PCR
amplification. The gel box used in this study was a RAGE RGX-60 (Cascade Biologics,
Inc.). A 2% agarose gel was made by adding 0.5 g of agarose, 25 ml of TBE buffer, and 1
µl of ethidium bromide. Before the gel was placed in the box, 250 ml of TBE buffer was
poured into the gel box. The first lane of each gel contained a benchtop 100bp DNA
ladder. The second lane of each gel contained a positive O. korrae PCR product. All
other lanes of each gel contained 5 µl of blue/orange loading dye and 3 µl of the
unknown fungal PCR mixture, and 250 ml of double-distilled water was poured over the
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gel. Gels were run approximately 30 minutes at 100 volts on a Bio Rad Power Pac 300.
All DNA samples that produced a band (454-bp) were identified as O. korrae (Figure
C.5, Appendix C). Sum totals of the number of O. korrae isolates positively identified by
PCR and their associated groups were recorded for each collection date, treatment, and
replication. Resultant data indicates the frequency of O. korrae occurrence in
bermudagrass roots.
Monitoring soil temperature
Watchdog data loggers (Spectrum, Plainfield, IL) were installed in the control
plots to monitor soil temperatures at a depth of 5 to 7.5 cm (Figure 2.8). The data loggers
recorded soil temperatures every two hours and held up to 170 days of data. The mean
soil temperature for each month of 2005 and 2006 was determined. Mean soil
temperatures were correlated with the frequency of O. korrae isolations to determine if
soil temperature directly influences O. korrae activity in bermudagrass roots.

Figure 2.8
Data loggers for recording soil temperature.
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Characterization of O. korrae isolates
In 2005 and 2006, 201 O. korrae isolates were collected from the study area at
Old Waverly Golf Club. Eight PCR-confirmed isolates of O. korrae were selected based
on date of isolation: OW-342 (March 27, 2006), OW-213, OW-361, and OW-163 (April
30, 2006), OW-461 and OW-471 (May 30, 2006), OW-332 and OW-172 (July 31, 2006).
Characterization of these O. korrae isolates was accomplished through optimum in vitro
growth temperature studies and pathogenicity studies.
Optimum temperature for in vitro growth
Temperature studies were established to investigate the optimum temperature for
growth of eight O. korrae isolates. Each isolate was sub-cultured onto PDA (20 ml/plate)
with the addition of 100 mg each of streptomycin sulfate and chloramphenicol/L. After
ten days of growth, 2 mm agar plugs of each O. korrae isolate was transferred to the
center of the petri-plates containing fresh PDA + antibiotics. Incubators were set at four
temperatures: 10, 16, 21, and 27°C. Each of the isolates was replicated three times per
temperature. After 14 days in the dark, radial growth of each replicated O. korrae isolate
was measured in millimeters (mm) at four points.
Pathogenicity study
In October 2006, O. korrae inoculum was prepared using 150 g of oat seed and
150 ml of sterile-distilled water contained in 0.95 L glass jars. Oats were autoclaved on
consecutive days at 121°C for 30 minutes. Each jar containing sterile oats was inoculated
with a pure culture colony of an O. korrae isolate by mixing with the sterile oats. The
glass jars were sealed with nonabsorbent cotton and cheesecloth and incubated at room
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temperature (Figure 2.9). After approximately nine weeks, the O. korrae infested oat
seeds were removed from the jars and air dried under a flow hood for four hours.
A sand-soil mixture (2:1) was used as the growth medium for bermudagrass
plants in the pathogenicity greenhouse evaluation. The potting mix was autoclaved and
placed in cone-tainer trays which contained 40 planting columns. ‘Numex Sahara’
bermudagrass seed was planted at a rate of 1 g of seed per tray and all trays were placed
in the greenhouse. Seeds were misted daily to maintain moisture. The bermudagrass
plants were fertilized every other week throughout the study with Miracle Grow
(Marysville, OH) plant food (15 N -30 P -15 K) to maintain plant health. Soil
temperatures were maintained between 18 and 24°C throughout the study. Plants were
trimmed at a height of 2.5 cm and watered to promote adequate moisture and avoid
drought stress.
Approximately six-week-old bermudagrass plants were inoculated with eight O.
korrae isolates and an uninoculated control (oat seed with no fungus) was included
(Figure 2.10). Each bermudagrass plug was inoculated using 12 O. korrae-infested oat
seed by inserting at a depth of 5 cm throughout the root zone. The O. korrae inoculated
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Figure 2.9
Glass jars containing O. korrae inoculated oat seed.

bermudagrass plugs were replicated nine times and randomized throughout three conetainer trays. Oat seed from each isolate was plated onto PDA to ensure no contamination.
The bermudagrass plants were evaluated eight weeks after inoculation. Root health was
determined using a modified visual scale of Tisserat et al. (1989) of 0 to 5: 0 = no
discolored roots (0%), 1 = white roots with minor discoloration (1-10%), 2 = white with
light tanning (11-30%), 3 = light to dark tan (31-50%), 4 = dark brown with minor rotting
(51-76%), and 5 = black brittle roots (>76%) (Appendix D). Each bermudagrass plug was
rated for turf color and density on a 1-9 scale with 9 = dark green color and 9 = maximum
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Figure 2.10
Bermudagrass inoculated with selected isolates of O. korrae.

density. Color and density ratings were based on the National Turfgrass Evaluation
Program (NTEP) scale (Morris, 2005). Two bermudagrass samples inoculated with an O.
korrae isolate per tray were used for determining root and shoot fresh weights. The
pathogenicity study was repeated, however, only one tray included three bermudagrass
plugs per O. korrae isolate. One infected bermudagrass sample per O. korrae isolate from
each tray was set aside for O. korrae recovery (fungal isolation). Five symptomatic roots
were removed and surface disinfested as previously described. A total of 15 roots per
isolate were plated. Once mycelium resembling O. korrae was observed, hyphae was
transferred to PDA. Approximately 50 mg of fresh mycelium from a mature colony was
harvested for DNA extraction and PCR was performed as previously described. Based on
the number of positive O. korrae isolates, a percent recovery value was assigned for each
isolate.
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Statistical analysis
The treatments in the field were organized in a randomized complete block design
with four replications. A correlation between frequency of O. korrae occurrence and soil
temperature was tested using Pearson’s correlation coefficient of SAS (SAS version 9.1;
SAS Institute, Cary, NC).
Each year was separated into four seasons: winter (December, January, February),
spring transition (March, April), growing season - summer - (May, June, July, August,
September), and fall transition (October, November). The glimmix procedure of SAS
(version 9.1; SAS Institute) was used to compare the frequency of occurrence of O.
korrae between seasons after combining O. korrae occurrence data from 2005 and 2006.
Frequency of O. korrae occurrence for each treatment was analyzed using the
general linear means procedure of SAS (version 9.1; SAS Institute). Treatment responses
were subjected to analysis of variance. Mean separation was based on Fisher’s protected
least significant difference test at P=0.05.
Pathogenicity studies were repeated with the studies treated as random effects
using the mixed procedure of SAS (version 9.1: SAS Institute). Growth temperature data
was subjected to quadratic regression using PROC GLM in SAS (version 9.1; SAS
Institute). The optimum temperature for growth was determined by the following
quadratic equation: x = (-1*B1)/(2*B2).
Where:
B1 = linear term
B2 = quadratic term
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Results
Frequency of occurrence of O. korrae was similar between cultural, nutrient, and
chemical treatments in 2005 and 2006. Treatments were not significant at P = 0.05 and
the probability of a greater F = 0.3205 and 0.9135 in 2005 and 2006, respectively. In
2005, frequency of occurrence of O. korrae ranged from 3% in September to 14% in
June. Mean soil temperatures in 2005 ranged from 7°C in December to 28°C in August
(Figure 2.11)
In 2006, frequency of occurrence of O. korrae ranged from 4% in May,
November, and December to 16% in April. No frequency data is available for September
of 2006 due to in vitro contamination. Mean soil temperatures in 2006 ranged from 8°C
in February to 29°C in August (Figure 2.12). Only two months in 2005 (May, Oct.) and
Sept. 2006 had mean soil temperatures within the optimum range of 25°C for O. korrae
growth (Worf et al., 1986; Crahay et al., 1988).
When frequency of occurrence of O. korrae was combined for 2005-2006, the
spring transition had the greatest occurrence at 9.4% and was significantly greater than
the growing season and fall transition months at 4.6 and 3.1%, respectively (Table 2.1).
Frequency of occurrence was similar for winter and spring transition months when soil
temperatures ranged from 7 to 19°C. Frequency of occurrence of O. korrae had no direct
association with mean soil temperature in 2005 (P = 0.5493) or 2006 (P = 0.6132).

32

Table 2.1 Frequency of occurrence of O. korrae within seasons of 2005 and 2006.
Season
Winter
Spring transition
Growing season (summer)
Fall transition

Frequency of occurrence (%)
6.0 aba
9.4 a
4.6 bc
3.1 c

a

Means within columns shared by the same letter are not significantly different according
to least square means at P = 0.05.
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Figure 2.11 Frequency of occurrence of O. korrae and monthly mean soil temperatures-2005.
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Figure 2.12 Frequency of occurrence of O. korrae and monthly mean soil temperatures -2006.
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Optimum temperature for in vitro growth
All O. korrae isolates (OW-342, OW-213, OW-361, OW-163, OW-461, OW-471,
OW-332, OW-172) grew at the full range of temperatures. Of these temperatures, all
isolates were least aggressive at 10°C. Optimum growth temperatures of O. korrae
isolates ranged from 21 to 25°C (Table 2.2, Appendix E).
Pathogenicity study
All bermudagrass roots inoculated with the O. korrae isolates exhibited at least
40% root discoloration, and root health was significantly reduced compared to the
control. Isolate OW-342 induced the greatest bermudagrass root discoloration at 56%.
Three O. korrae isolates caused a significant reduction in bermudagrass color
compared to the uninoculated control. Bermudagrass density was significantly reduced in
four of the O. korrae inoculated bermudagrass plugs. Bermudagrass shoot and root fresh
weights were similar for all isolates and the uninoculated control (Table 2.2).
All O. korrae isolates were successfully recovered from bermudagrass roots in
experiment one and all isolates except OW-213, OW-361, and OW-461 were recovered
in experiment two. Fungal recovery ranged from 7% (OW-461) to 73% (OW-163, OW172) in experiment one, and 0 to 80% in experiment two (Table 2.3).
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Collection
date
4/30/06
7/31/06
4/30/06
4/30/06
7/31/06
3/27/06
5/30/06
5/30/06
-

Optimum
growth (C)
N/Ab
23
21
25
25
22
24
24
8c

Root health
(% discoloration)
44 abc
49 ab
43 ab
43 ab
40 b
56 a
53 ab
55 a
6.7 a

Colora
4.7 bc
5.1 bc
6.0 ab
5.3 abc
4.3 c
6.0 ab
5.6 abc
5.7 abc
6.6 a

Densitya
5.0 c
6.0 abc
6.0 abc
4.0 d
3.5 d
6.1 abc
5.6 bc
5.9 abc
2.0 ab

Fresh shoot
wt. (g)
1.3 b
2.4 ab
2.0 ab
1.6 ab
1.4 ab
2.1 ab
2.6 a
2.6 ab

1.3 a

Fresh root
wt. (g)
1.0 a
1.2 a
1.5 a
0.8 a
1.0 a
1.0 a
1.5 a
1.4 a

b

Values based on NTEP rating scale (Color – 1-9 scale, 9 = dark green; Density – 1-9 scale, 9 = most dense).
N/A = No data due to in vitro contamination.
c
Means within columns shared by the same letter are not significantly different according to least square means at P = 0.05.

a

Isolate
OW-213
OW-332
OW-361
OW-163
OW-172
OW-342
OW-461
OW-471
Uninoculated
Control

Table 2.2 Characterization of O. korrae isolates based on optimum growth temperature, bermudagrass root health, turf color and
density, and shoot and root fresh weights.

Table 2.3 Recovery of O. korrae from inoculated bermudagrass roots.
Isolate
Control
OW-213
OW-332
OW-361
OW-163
OW-172
OW-342
OW-461
OW-471
a
b

a

Recovery (%)

Exp 1
0
67
27
33
73
73
13
6
33

Exp 2b
0
0
60
0
80
80
60
0
40

% recovery is based on fifteen symptomatic roots.
% recovery is based on five symptomatic roots.
Discussion
Based on the results of this two-year study, it is concluded O. korrae is present in

bermudagrass roots throughout the year. Regardless of soil temperature, O. korrae was
isolated every month throughout the duration of this research. Based on the results of the
frequency of O. korrae occurrence in this research and previous studies, O. korrae
infection and colonization in bermudagrass roots can take place any time soil
temperatures are between 10 and 25°C. Walker et al. (2006) along with others suggest
that optimal temperature for disease caused by all Ophiosphaerella spp. is near 20°C
(Crahay et al., 1988; Smith, 1971). Although soil temperature did not have a direct
association with O. korrae occurrence in this study, the consistent isolation of O. korrae
from bermudagrass roots suggests the fungus is dormant in the roots when soil and
environmental conditions are unfavorable for growth. Based on the seasonal occurrence
of O. korrae, the fungus is most prevalent in the winter and spring of the year. When the
bermudagrass plants produce new roots during spring transition, O. korrae may be
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infecting and colonizing the new roots. Once conditions are unfavorable for growth of O.
korrae (i.e. lack of moisture, high or low temperatures), the fungus may go into a
dormant state. As favorable conditions resume, O. korrae may initiate a new infection
cycle. Walker et al. (2006) suggests O. herpotricha colonization and infection occurs
over a broad range of cool soil temperatures. He also suggests infection and colonization
occur in the spring and the fall, but fall is variable. These findings were based on SDS
patch samplings in the months of July, October, and November.
Although there was no direct association between frequency of O. korrae
occurrence and mean soil temperature, soil temperature may still indirectly influence O.
korrae activity. The results from the optimum in vitro growth temperature study and the
soil temperatures at the time of sampling did not agree in all instances with regard to
highest O. korrae occurrence. Although the optimal in vitro growth temperatures for all
O. korrae isolates were between 21 and 25°C, high levels of O. korrae occurrence were
reported outside of this temperature range (Table 2.2, Figures 2.11 and 2.12). Based on
the results of the temperature studies, the presence of various environmental factors may
have influenced fungal occurrence. Other factors such as soil moisture, plant health, and
microbial competition may influence O. korrae growth in the bermudagrass root tissue.
As a result, more studies need to be investigated involving soil moisture and microbial
competition and suppression and how these factors may directly or indirectly affect O.
korrae activity. These findings may help develop a better management approach and
focus on periods of highest O. korrae activity.
Currently, no information is available related to soil moisture and its affect on O.
korrae occurrence or SDS severity. It is only reported that the Ophiosphaerella spp. are
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most active in the spring and fall when temperatures and moisture favor fungal growth
(Anderson et al., 2002).
The frequency of O. korrae occurrence in bermudagrass roots was conducted in
situ, which suggests the presence of many microorganisms during sampling. Sampled
roots that may not have yielded a significant amount of O. korrae mycelium in culture,
may have also been infected with other fungal or bacterial species that were antagonistic
to O. korrae. When bermudagrass roots were plated onto ¼ PDA, many species of fungi
and bacteria were present in large numbers. Soil-borne fungi such as Fusarium spp.,
Gaeumannomyces spp, and Trichoderma spp. grew more aggressively from the
bermudagrass roots than O. korrae. In many cases, the culture medium would be
completely covered with one or all of the above mentioned species before O. korrae
would emerge from other roots. Other species may also have been present in larger
numbers, or depending on the conditions in the microenvironment, O. korrae may have
been dormant while the other species were active. Currently, research is being conducted
by Oklahoma State Univeristy to identify antagonistic endophytes or rhizospherecomponent bacteria that are antagonistic towards O. herpotricha (Anderson, 2005).
Some sampling periods yielded drastic differences in O. korrae isolation. For
example, in April 2006 frequency of occurrence was 16%, but in May 2006 occurrence
was only 4%. Both months were within one degree of the optimum temperature for O.
korrae colonization and infection. This discrepancy in occurrence may be due to the
sampling scheme. The samples were taken randomly each month, but the fact that SDS is
a patch disease could mean that the O. korrae populations are very localized. Therefore,
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when samples are taken during asymptomatic periods, a high level of variability may
exist in the recovery of O. korrae from bermudagrass root tissue.
Ophiosphaerella korrae grew in vitro at temperatures within the range of 10 to
25°C. These findings are consistent with Crahay et al. (1988) in which five temperatures
(10, 15, 20, 25, and 30°C) were investigated for in vitro O. korrae growth. Optimal
growth temperature for the O. korrae isolates was determined to be 25°C, however, little
growth was observed at 10°C and no growth was observed at 30°C. The optimum
temperature for in vitro growth reported in this thesis research observed numerically
different growth optimums by the O. korrae isolates, suggesting O. korrae isolates within
a given area may infect and colonize bermudagrass roots at various temperatures. All O.
korrae in vitro growth optima were similar to the optimum growth range previously
described (Crahay et al., 1988; Worf et al., 1986).
All O. korrae isolates in the pathogenicity evaluation infected and colonized
bermudagrass roots regardless of the date each isolate was collected. The O. korrae
isolate that caused the greatest root discoloration (OW-342) was similar to the root
discoloration caused by all other O. korrae isolates except isolate OW-172. Although
bermudagrass inoculated with isolate OW-172 caused the least root discoloration among
O. korrae inoculated plugs, OW-172 significantly reduced color and density compared to
bermudagrass inoculated with isolate OW-342. This suggests the variability among O.
korrae isolates in regard to virulence. Iriarte et al., (2004) reported that O. korrae isolates
collected from different regions of the U.S. showed differences in aggressiveness in
greenhouse studies; however, no literature was found regarding the aggressiveness of O.
korrae isolates collected during different times of the year. The pathogenicity study in
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this research suggests that O. korrae isolates collected from one area may have similar
aggressiveness regardless of time of year collected.
Future SDS research efforts should be focused on O. korrae epidemiological
studies including soil moisture and microbial competition. If microbial species that are
antagonistic toward O. korrae are identified, further work could be performed to quantify
these organisms into deliverable amounts. Future research involving frequency of
occurrence of O. korrae should incorporate a different sampling scheme. Patches could
be marked using water-based turf paint or through a global positioning system (GPS) and
samples could be pulled directly from the necrotic patches throughout the year. By using
this method, samples could be extracted from areas where virulent O. korrae populations
are known to exist.
As a result of O. korrae presence in bermudagrass roots throughout its growth
cycle, cultural, nutrient, and chemical management of SDS may need to be incorporated
using an integrated approach during the spring and summer to maintain healthier
bermudagrass plants going into winter dormancy.
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CHAPTER III
DISEASE MANAGEMENT STRATEGIES FOR CONTROLLING SPRING DEAD
SPOT OF BERMUDAGRASS
Abstract
Field studies were conducted at Old Waverly Golf Club in West Point, MS on a
Tifway bermudagrass fairway beginning in January of 2005 and concluding in December
of 2006. The bermudagrass on the 9th fairway had been symptomatic for SDS for more
than ten years. The study evaluated seven treatments including: core aerification with and
without topdressing, vertical mowing, manganese, sulfur, and myclobutanil fungicide
applications. Monthly observations of thatch/mat depth, root health, and root and shoot
dry weights were recorded. Prior to winter dormancy, bermudagrass color and quality
ratings were recorded and SDS severity ratings were recorded each spring. Each year was
divided into seasons (winter, spring, summer, fall) based on the bermudagrass growth
cycle in Mississippi. In the spring of 2005 and 2006, SDS severity ratings were similar
for all treatments. In the winter and fall of 2005, core aerification with and without
topdressing significantly improved root health compared to the control. In the winter,
spring, and summer of 2006, the vertical mowing treatment significantly improved root
health compared to the control. In 2005, core aerification, manganese, vertical mowing,
sulfur, and myclobutanil treatments had a significant reduction in the thatch/mat layer
compared to the control in at least one season. In 2006, core aerification proved to be the
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best treatment by reducing the thatch/mat layer every season; followed by vertical
mowing which reduced the layer in the winter, summer, and fall. Also, manganese,
myclobutanil, and core aerification plus topdressing significantly reduced the thatch/mat
layer in at least one season compared to the control. In 2005, vertical mowing
significantly improved fall turf quality, and in 2006 significantly improved fall turf color
and quality compared to other treatments.
Nomenclature: O. korrae, Ophiosphaerella spp.
Additional index words: core aerification; topdressing; manganese; vertical mowing;
sulfur; myclobutanil; thatch/mat; species-specific primers.
Abbreviations: spring dead spot (SDS); potato dextrose agar (PDA); polymerase chain
reaction (PCR); manganese (Mn); elemental sulfur (S).
Introduction
Spring dead spot (SDS) is considered a serious root disease of bermudagrass
(Tisserat et al., 1989). Butler and Treadway (2005) refer to SDS as being unlike any other
turfgrass disease. Spring dead spot can occur anywhere temperatures get cold enough to
induce a dormancy period in bermudagrass. Three similar species of root-rot fungi are
responsible for infection and colonization of bermudagrass resulting in SDS.
Ophiosphaerella herpotricha (Fr:Fr) Walker, O. narmari (Walker and Smith) Wetzel,
Hulbert, and Tisserat (synonym: Leptosphaeria narmari Walker and Smith), and O.
korrae (Walker and Smith) Shoemaker and Babcock (synonym: L. korrae Walker and
Smith) have been identified as the causal organisms of SDS in the United States (Wetzel
et al., 1999). Spring dead spot is characterized by straw-colored depressions in the
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turfgrass stand. These patches can range in size from several centimeters to greater than a
meter in diameter. Infected roots, rhizomes, and stolons within the patch are black, brittle,
and necrotic. Iriarte et al. (2005) described O. herpotricha as producing the largest patch
diameters as compared to O. korrae, and O. narmari. The O. korrae isolates examined
produced patches that were highly variable in size.
In the late 1950’s and early 60’s, W. A. Small developed a fungicide program for
managing SDS. Nabam was sprayed four times at monthly intervals during the dormant
months of the bermudagrass growth cycle beginning in early fall at least six weeks before
the first killing frost (Kozelnicky, 1974).
Control of SDS was reported in Australia by using nabam (2.2 kg/ha) or thiram
(10.5 kg/ha). Nine applications were made at monthly intervals beginning in late summer.
Inconsistent results and the need for multiple applications led to the unpopularity of this
treatment (Smith, 1971). Between 1973 and 1976, fungicide trials were established by
Lucas (1980) in North Carolina on severely infected Tifway bermudagrass fairways.
Benomyl, quintozene (PCNB), chlorothalonil, chloroneb, maneb, and nabam were all
applied as a drench once per month for five consecutive months beginning in late
summer. All plots were significantly better in turf quality than the untreated control in the
spring of 1974, but results throughout the experiment were highly variable. Benomyl did
help control SDS when applied at high rates in the fall.
In many cases, preventative fall applications of fungicides have failed resulting in
the recurrence of disease symptoms the following spring. However, some turf managers
achieved consistent success controlling SDS by using fungicidal applications on an
annual basis. At North Carolina State University, fungicides including fenarimol,
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propiconazole, myclobutanil, azoxystrobin, and thiophanate-methyl were evaluated at a
softball complex in Raleigh, NC to determine the best fungicidal control. Fungicides
were applied as a drench when soil temperatures were between 16°C and 27°C.
Fenarimol provided a high level of SDS control, while propiconazole provided a
moderate level of control (Treadway and Butler, 2003). Studies in other areas of the
United States have demonstrated marginal control of SDS with fenarimol, while
propaconizole and benomyl showed no success in controlling SDS. The resultant
variability of chemical control in regions of the U.S. may be due to the different causal
agents of SDS (McCarty et al., 1992).
Fungicide application methods and timing are also relevant for SDS control.
Treadway and Butler (2003) used three application methods: surface applications, surface
application and watered in with 0.6 cm of water following application, and subsurface
injection. Fenarimol, myclobutanil, propiconazole, and azoxystrobin were all applied
using each method of application. Fenarimol and propiconazole were the only fungicides
to have a significant level of control at both locations. Application method was
significant at just one location. Surface application in low water volume (9.5 L H2O/93
m2) provided less SDS control than surface applications at greater spray volumes. The
timing study performed by Treadway and Butler showed that multiple applications
provided better control than single applications, and the November applications were less
effective than the applications during the three previous months.
Through a combination of soil conditions, thatch management, proper nutrient
applications, management of soil pH, and the use of resistant cultivars, SDS severity can
be reduced (Butler and Treadway, 2005; Wong et al., 2003; Martin and Hudgins, 2005).
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A mis-managed thatch layer of a bermudagrass sod can cause serious problems on highly
maintained turf resulting in reduced cold tolerance and vulnerability to disease damage
(White and Dickens, 1984). Thatch is an accumulation of dead roots, stolons, crowns, and
rhizomes above the soil surface. An extensive thatch layer may inhibit the movement of
air, water, fertilizers, and pesticides into the soil and influence the severity of SDS of
bermudagrass (Smiley et al., 2005). Dethatching is recommended if the layer is at least
1.25 cm thick (Martin and Hudgins, 2005). Common methods of dethatching are vertical
mowing, hollow-tine aerification, and sod stripping. The reduction of compaction,
improved drainage, and root zone aeration can be achieved through core aerification
(Smiley et al., 2005). Various cultural management practices to reduce SDS severity are
becoming popular, due to the variability of pesticide efficacy (Tisserat and Fry, 1997).
Tisserat and Fry (1997) stripped sod from a ‘Midlawn’ bermudagrass stand, but
left some rhizomes remaining below the soil surface. In those areas, SDS symptoms were
not observed after greenup the following spring, yet other areas of Midlawn not stripped
were symptomatic for SDS. As a result, a study was initiated with treatments of
aerification, vertical mowing, a combination of aerification and vertical mowing, sod
stripping, and plots with no cultivation. They observed that SDS was reduced in
treatments that extensively disrupted the upper root zone of Midlawn. Core aerification
and vertical mowing twice per year was effective for reducing SDS severity. To be
effective, aerification must be performed multiple times per year for several consecutive
years to improve the root structure of the turf. If a cultural management program is
implemented, it is possible to gradually reduce SDS occurrence over time (Butler and
Treadway, 2005).
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Soil-acidity plays a major role in the management of SDS (Vincelli and Williams,
2005; Butler and Treadway, 2005). High soil pH is associated with SDS occurrence
(Butler and Treadway, 2005). Some recommendations suggest maintaining pH levels in
the root zone between 5.0 and 5.3, while others recommend a range of 5.5 to 6.0 (Vincelli
and Williams, 1998; Butler and Treadway, 2005). Different soil pH ranges may depend
on location. The reason for the decline in disease as a result of lowering pH is not known.
Ophiosphaerella spp. have unrestricted growth in pH ranges of 5.0 to 5.3. A decrease in
soil pH may improve host resistance, or it may enhance the environment of soil microbes
that are antagonistic towards Ophiosphaerella spp. (Vincelli and Williams, 2005).
Reduced pH within the rhizosphere makes manganese (Mn) more available to the plant,
which in turn activates the plant’s metabolic defenses (Huber and McCay-Buis, 1993).
Two methods may be used to increase soil acidity in turf: applying ammonium-based
fertilizers or S. Ammonium-based fertilizers provide a slower, long-term approach to pH
reduction. When the bermudagrass roots absorb an ammonium ion (NH4+) they release a
proton (H+). Flowers of S, however, form a weak sulfuric acid in the presence of water
(Vincelli and Williams, 1998). Elemental S applications are beneficial when modifying
soil with a pH above 7. Spring and fall are the best times to apply S since it is rendered
inactive when soil temperatures are below 10°C. Turf injury may accompany over
application of S, therefore rates below 2.3 kg/ 93 m2 are recommended (Butler and
Treadway, 2005).
Foliar Mn applications have been demonstrated as effective against take-all patch
of creeping bentgrass (Agrostis stolonifera Huds.) caused by Gaeumannomyces graminis
(Sacc.) Arx. & D. Olivier var. avenae (E.M. Turner) Dennis (Gga). Gaeumannomyces
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graminis var. avenae, like Ophiosphaerella spp., is a root-rot fungus (Hill et al., 1999).
Take-all patch is more problematic on Mn-deficient plants. As pH levels increase,
availability of Mn decreases, therefore acid soils (pH < 5.5) contain more plant available
Mn than alkaline soils. Soil pH adjustment through the use of acidifying fertilizers can
increase Mn availability to the turf (Huber and McCay-Buis, 1993). Manganese aids in
the biosynthesis of lignin and phenoloics, therefore when Mn is not available to the plant,
it becomes susceptible to fungal pathogens (Hull, 2001). Guidelines for take-all patch
disease control recommend applying manganese sulfate (MnSO4) and irrigating
immediately following application (Heckman, 2005).
Infection of bermudagrass by Ophiosphaerella spp. predisposes turf to injury or
death by winterkill (Martin, 2005). Research has shown that in some varieties of
bermudagrass freezing resistance is reduced when the turf is exposed to O. herpotricha or
O. korrae (Nus and Shashikumar, 1993). Cold-tolerant bermudagrass varieties are
associated with SDS resistance. Cold-tolerant ‘Midlawn’, ‘Midfield’, ‘Midiron’,
‘Yukon’, ‘Guymon’, ‘Patriot’, and ‘Tifsport’ varieties are identified as resistant to SDS,
while cold-sensitive cultivars such as Tifway, Tifgreen, ‘NuMex Sahara’, Arizona
Common, and ‘Princess-77’ are susceptible to SDS. If a superintendent or turfgrass
manager is involved in turfgrass establishment, a cold tolerant bermudagrass cultivar is a
wise choice (Martin, 2005).
Spring dead spot has been observed on the 9th Tifway bermudagrass fairway at
Old Waverly Golf Club (West Point, MS) for over ten years. A biomass survey initiated
in April of 2004, revealed more than two-thirds of the fairway was symptomatic for SDS
(Appendix A). Samples were taken from symptomatic patches and fungal isolates were
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obtained from symptomatic roots. Iriarte et al. (2004) isolated O. korrae from
symptomatic roots obtained from several fairways that were symptomatic for SDS at the
Mississippi State University (MSU) Golf Course, Starkville, MS. The MSU O. korrae
isolates were used as positive controls for comparison with the Old Waverly isolates
using species-specific primers during polymerase chain reaction (PCR) amplification of
the fungal DNA (Tomaso-Peterson and Lu, personal communication). Amplified
products of all isolates from the 9th fairway at Old Waverly were positively identified as
O. korrae when compared to the MSU isolates. Based on the presence of SDS and the O.
korrae confirmation, the research objectives of this study were to:
1. Evaluate cultural, nutritional, and chemical management practices for the
reduction of SDS severity and promotion of improved turf color and quality.
2. Evaluate cultural, nutritional, and chemical management practices for the
reduction of the thatch/mat layer and the promotion of improved root health.
Materials and Methods
The study was conducted on the 9th Tifway bermudagrass fairway at Old Waverly
Golf Club in West Point, MS beginning in August 2004. Individual plots were 16.7 m2
and treatments were organized in a randomized complete block design with four
replications. Treatments included cultural, nutrient, and chemical control practices.
Treatment one served as the control. All cultivation treatments were performed on
August 30, 2004, June 20, 2005, August 8, 2005, June 19, 2006, and July 24, 2006.
Treatment two consisted of core aerification using a Toro® (The Toro Company,
Bloomington, MN) pto-driven aerifier. Aerification holes were made using 1.6 cm dia.
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aerification tines. Holes made by the tines were approximately 5 cm in depth to
sufficiently break through the mat layer and the underlying soil. The spacing of the holes
ranged from 5 to 7.5 cm. Plots were aerified in one direction only. Once aerification was
complete, cores were removed from the fairway.
Treatment three consisted of Mn applications based on foliar analysis results. The
Mn source was Tecmangam® (Sulfamex Industries, Tampico, Mexico), containing 32%
water-soluble Mn and 19% S. Applications (2.27 kg Mn/ha) were made on August 4,
2004, September 7, 2005, and June 5, 2006 using a Scotts® (The Scotts Company,
Marysville, OH) rotary hand spreader and immediately watered in with 0.6 cm of water.
Foliar analysis was conducted on August 26, 2004, June 20, 2005, May 12, 2006, and
June 26, 2006 to ensure the maintenance of moderate to high levels of Mn as compared to
the control. Tissue analysis was performed by A & L Analytical Laboratories, Inc.,
Memphis, TN.
Treatment four was a vertical mowing cultivation practice using a Graden®
(Graden Industries, Victoria, Australia) vertical mower. Vertical mowing was performed
in one direction. Thatch, partially decomposed plant material, and sand brought to the
surface as a result of vertical mowing were removed.
Treatment five consisted of applications of S to maintain low levels of soil pH.
Samples were taken from S-treated and control plots to monitor soil pH. Sulfur was
applied at an initial rate of 91 kg/0.4 ha on August 30, 2004 and again on April 18, 2005.
On July 24, 2006, soil pH was 5.8 in a S-treated plot; therefore, another 45 kg/0.4 ha of S
was applied to that plot only. A soil pH range between 5.0 and 5.5 was the desired range
throughout the duration of the research. Soil pH was monitored throughout the duration
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of this research (Table B.1, Appendix B). A soil pH range between 5.0 and 5.5 was the
desired range throughout the duration of the field study. Samples were taken from Streated and control plots to monitor soil pH. Soil pH had slowly dropped in control plots,
due to the use of ammonium-based fertilizers by the Old Waverly Golf Club maintenance
crew. Therefore on July 24, 2006 approximately 5 kg of pelletized lime was added to
each control plot to raise soil pH near or above 6.0. Lime application was based on soil
pH analysis. Soil analysis was performed by the Mississippi State University Soil Testing
Laboratory and in the turfgrass pathology lab.
Treatment six consisted of myclobutanil applications made according to label
instructions. Myclobutanil was applied at 34g/93 m2 in a volume equivalent to 7.5 L
H2O/93 m2 using a CO2-pressurized (40 psi) backpack sprayer. The spray boom
contained six nozzles (TeeJet 11004) with 25 cm nozzle spacing. Immediately following
application, the fungicide was watered in with approximately 0.6 cm of water. A soil
drench moves the fungicide through the thatch/mat layer into the soil so it can be
absorbed by the roots. Applications were made on November 5, 2004, November 6, 2005,
and November 7, 2006, approximately 30 days prior to dormancy.
Treatment seven consisted of core aerification plus topdressing. Aerification was
carried out as previously described for treatment two. However, once all soil cores were
removed, each plot was topdressed using a mixture of medium grade sand and Dakota®
reed sedge peat (Grand Forks, ND) (6:1 v/v). The sand and peat were thoroughly mixed
and applied using a Toro® 2500 Topdresser. Each aerified plot was topdressed with
approximately 0.1 m3 of the topdressing mixture. Material left on top of the turf was
brushed in using a push broom.
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Fairway ratings
In the spring of 2005 and 2006 when the Tifway bermudagrass broke dormancy,
SDS symptoms became evident. A disease severity rating was assigned to each replicated
treatment based on the National Turfgrass Evaluation Program (NTEP) ratings. Ratings
were based on a 1 to 9 scale where 1 is severe symptoms of SDS and 9 is no disease
(Morris, 2005). Disease severity ratings were recorded on April 18, 2005, April 3, 2006,
and March 26, 2007.
Bermudagrass color and quality were rated according to NTEP rating methods
(Morris, 2005). Turf color was rated on a 1 to 9 scale with 1 being light green and 9 being
dark green. Turf quality (combination of color, density, texture, uniformity,
disease/environmental stress) was rated on a 1 to 9 scale with 9 being ideal turf. Ratings
were recorded on October 17, 2005 and October 3, 2006.

Turf-soil samples
Three turf-core samples were selected at random once per month from all
replicated treatments. They were extracted using a 3.8 cm dia. PVC pipe, and samples
were approximately 10 cm in length. Monthly sampling allowed for the monitoring of
thatch/mat depth and root health throughout the year. The depth of thatch/mat layer (cm)
was determined for each sample. A modified visual rating scale of Tisserat et al. (1989)
was used to measure root health. The 0 to 5 rating scale was a as follows: 0 = no
discolored roots (0%), 1 = white roots with minor discoloration (1-10%), 2 = white with
light tanning (11-30%), 3 = light to dark tan (31-50%), 4 = dark brown with minor rotting
(51-76%), and 5 = black brittle roots (>76%) (Appendix D). Shoots and roots were
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collected from each sample and oven dried for 24 hours at 65°C, followed by dry weight
(g) determination. The two root samples which exhibited the best coloration rating were
selected for dry root weight determination. The remaining root sample was used to isolate
and determine frequency of occurrence of O. korrae (see Chapter II).
Statistical analysis
The field treatments were organized in a randomized complete block design with
four replications. Each year was separated into four seasons: winter (December, January,
February), spring transition (March, April), growing season – summer - (May, June, July,
August, September), and fall transition (October, November). Spring dead spot severity
data was analyzed using PROC GLM in SAS (SAS version 9.1 for Windows; SAS
Institute, Cary, NC). Seasonal data for root health and thatch/mat as well as turf color and
turf quality ratings were also analyzed using PROC GLM in SAS (SAS version 9.1 for
Windows). Mean separation was based on Fisher’s protected least significant difference
test at P=0.05.
Results
In the spring of 2005 and 2006, SDS symptoms were present throughout the study
area and all treatments were similar to the control. In 2005, the Mn treatment had
significantly less SDS than the S and core aerification with topdressing treatments (Table
3.1). Although all treatments were similar to the control in 2005, the S treatment was
aesthetically the poorest. The bermudagrass stand in this treatment exhibited thinning and
a general chlorosis during spring green-up. In 2006, SDS severity was similar in all
treatments (Table 3.1).
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Table 3.1 Effects of cultural, nutrient, and chemical management on SDS severity,
2005-2006.
Treatment
Core aerification
Manganese
Vertical mowing
Elemental sulfur
Myclobutanil
Core aerification + TDc
Control

b

6.5 ab
7.5 a
6.3 ab
5.8 b
6.8 ab
5.8 b
7.3 ab

2005

SDS severitya
6.3 a
5.5 a
5.3 a
5.0 a
4.8 a
6.0 a
5.8 a

2006

a

Ratings are based on NTEP disease ratings (1-9 rating scale, 9 = no disease).
Means within columns shared by the same letter are not significantly different
according to Fisher’s protected least significant difference test at P = 0.05.
c
TD = topdressing.

b

Fairway ratings
In the fall of 2005, turf color in the vertical mowing treatment was significantly
better than the core aerification treatment, but similar to all other treatments (Table 3.2).
Turf quality in the vertical mowing treatment was similar to the myclobutanil and core
aerification plus topdressing treatments, and significantly improved turf quality compared
to all other treatments. Bermudagrass color and quality in the fall of 2006 was
significantly improved following vertical mowing compared to all other treatments
(Table 3.2, Figure 3.1).
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Table 3.2 Effects of cultural, nutrient, and chemical management on turf color and
quality, fall 2005-2006.
Treatment
Core aerification
Manganese
Vertical mowing
Elemental sulfur
Myclobutanil
Core aerification + TDc
Control

Turf colora
2005
2006
b
5.3 b
6.5 b
6.0 ab
5.8 bc
6.5 a
7.5 a
6.3 ab
5.5 c
6.0 ab
5.8 bc
6.3 ab
6.3 bc
5.5 ab
6.0 bc

Turf qualitya
2005
2006
5.3 c
6.5 b
5.5 bc
6.0 bc
6.8 a
7.3 a
5.8 bc
5.8 c
6.3 ab
6.0 bc
6.0 abc
6.0 bc
5.5 bc
6.3 bc

a

Turf color rating scale 1-9, where 9 = dark green; turf quality rating scale 1-9, where 9 =
best.
b
Means within columns shared by the same letter are not significantly different
according to Fisher’s protected least significant difference test at P = 0.05.
c
TD = topdressing.

Vertical mowing

Vertical mowing

Untreated

Figure 3.1
Vertical mowing in a bermudagrass fairway compared to an untreated area showing
differences in turf quality.
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Root health and thatch/mat
In the winter of 2005, root health of bermudagrass was significantly improved in
the core aerification plus topdressing treatment and was similar to the Mn, vertical
mowing, S, and myclobutanil treatments (Table 3.3). In the spring, core aerification
significantly improved bermudagrass root health compared to the S treatment, but was
similar to all other treatments and the control. Manganese significantly improved
bermudagrass root health compared to the myclobutanil and core aerification plus
topdressing treatments, and was similar to all other treatments and the control during the
summer of 2005. In the fall of 2005, core aerification significantly improved
bermudagrass root health compared to myclobutanil and the control, and was similar to
all other treatments (Table 3.3).
There were no differences in the thatch/mat layer among treatments in the winter
2005. In the spring, thatch/mat depth in the core aerification, Mn, S, and myclobutanil
treatments were significantly less than the thatch/mat depth in the vertical mowing, core
aerification plus topdressing treatments and the control. In the fall, thatch/mat depth was
similar among all treatments (Table 3.3).
In the winter of 2006, bermudagrass root health in the vertical mowing treatment
was similar to S and significantly improved compared to all other treatments (Table 3.4).
The vertical mowing treatment significantly improved bermudagrass root health
compared to Mn and control treatments during the spring. All other treatments were
similar. Bermudagrass root health in the summer in the vertical mowing treatment was
similar to the Mn treatment, but bermudagrass root health was significantly improved
compared to all other treatments. Bermudagrass root health in the vertical mowing
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treatment significantly improved root health compared to the core aerification plus
topdressing treatment, but was similar to all other treatments in the fall of 2006 (Table
3.4).

60

61

Root
health
39 b
41 ab
45 ab
49 a
44 ab
43 ab
40 ab

Spring
Thatch/
mat (cm)
2.7 c
2.7 c
2.9 ab
2.7 c
2.8 bc
3.0 ab
3.0 a

Summer
Root
Thatch/
health
mat (cm)
49 ab
3.2 cd
47 b
3.3 abc
48 ab
3.2 d
53 ab
3.3 abc
54 a
3.3 bcd
54 a
3.4 ab
44 ab
3.4 ab
Root
health
42 c
51 abc
44 bc
45 bc
58 a
47 bc
54 ab

Fall
Thatch/
mat (cm)
3.2 a
3.2 a
3.3 a
3.2 a
3.2 a
3.2 a
3.2 a

b

Winter (Dec. 2004-Feb. 2005); Spring (Mar-April); Summer (May-Sept).; Fall (Oct.-Nov).
Represents percent root discoloration.
c
Means within columns shared by the same letter are not significantly different according to Fisher’s protected least significant
difference test at P = 0.05.

a

Treatment
Core aerification
Manganese
Vertical mowing
Elemental sulfur
Myclobutanil
Core aerification + TD
Control

Wintera
Thatch/
Root
mat (cm)
healthb
c
52 a
3.0 a
47 ab
2.3 a
46 ab
3.0 a
46 ab
3.0 a
47 ab
3.0 a
43 b
3.0 a
52 a
3.1 a

Table 3.3 Effects of cultural, nutrient, and chemical management on root health and thatch/mat depth, 2005.

In the winter of 2006, core aerification with and without topdressing, Mn, vertical
mowing, and myclobutanil treatments were all similar and had a significantly less
thatch/mat depth compared to the control and S treatments (Table 3.4). Thatch/mat depth
was significantly reduced in the core aerification treatment compared to the control, but
was similar to the Mn, vertical mowing, S, and myclobutanil treatments. The thatch/mat
depth was greater in the core aerification plus topdressing treatment, but was similar to
the control in the spring of 2006. The thatch/mat depth in the summer, was significantly
reduced in core aerification with and without topdressing, vertical mowing, and
myclobutanil treatments; however, myclobutanil and core aerification plus topdressing
were similar to the Mn and S treatments. The thatch/mat depth of the vertical mowing
treatment was similar to core aerification, and significantly less than all other treatments
in the fall of 2006 (Table 3.4).
Shoot and root dry weights
No statistical differences were observed in shoot and root dry weights among
treatments. No meaningful information was gained regarding treatment effects on shoot
and root dry weights, therefore the results were not included in this thesis.
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Root
healthb
46 abc
48 ab
37 c
44 bc
50 a
46 ab
49 ab

Root
health
52 ab
56 a
46 b
54 ab
51 ab
50 ab
58 a

Spring
Thatch/
mat (cm)
3.0 c
3.2 bc
3.2 bc
3.2 bc
3.2 bc
3.5 a
3.3 ab

Summer
Root
Thatch/
health
mat (cm)
56 a
3.1 d
49 bc
3.2 abc
45 c
3.1 d
53 ab
3.2 ab
55 a
3.2 bc
51 ab
3.1 cd
53 ab
3.3 a
Root
health
46 ab
50 ab
42 b
44 ab
45 ab
51 a
43 ab

Fall
Thatch/
mat (cm)
3.1 bc
3.2 a
3.0 c
3.3 a
3.2 a
3.2 ab
3.3 a

b

Winter (Dec.2005-Feb. 2006); Spring (Mar-April); Summer (May-Sept); Fall (Oct.-Nov).
Represents percent root discoloration.
c
Means within columns shared by the same letter are not significantly different according to Fisher’s protected least significant
difference test at P = 0.05.

a

Treatment
Core aerification
Manganese
Vertical mowing
Elemental sulfur
Myclobutanil
Core aerification + TD
Control

Wintera
Thatch/
mat (cm)
3.0 b
3.1 b
3.1 b
3.3 a
3.0 b
3.1 b
3.3 a

Table 3.4 Effects of cultural, nutrient, and chemical management on root health and thatch/mat depth, 2006.

Discussion
Spring dead spot symptoms were prevalent throughout the study area in the spring
of 2005 and 2006. Patches were relatively small and did not exceed 0.3 meters in
diameter. In 2005, there appeared to be a more localized occurrence of SDS symptoms on
the east side of the study area. Due to the known inconsistency of SDS occurrence, no
investigations were made as to why SDS was localized to that area. Though not
statistically significant, SDS symptoms appeared to be more severe in the spring of 2005
(Figure 3.2) compared to the spring of 2006 (Figure 3.3).
Spring dead spot severity was similar among all treatments in 2005 and 2006. In
2005, all treatments had only been applied once (Fall 2004). If the cultural treatments
(vertical mowing, core aerification) are successful at reducing SDS severity, it takes
multiple years of repeat applications to slowly reduce symptoms (Butler and Treadway,
2005). Tisserat and Fry (1997) reported that a combination of core aerification plus
vertical mowing performed twice per year was slightly effective at reducing SDS;
however, neither practice alone significantly reduced SDS severity. It was also
recommended that these cultural practices that aggressively disrupt the upper root zone
be used in an integrated approach for SDS management.
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Figure 3.2
Spring dead spot symptoms in the study area, 2005.

Figure 3.3
Spring dead spot symptoms in the study area, 2006.
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Although S-treated plots were similar in SDS severity to the other treatments,
research suggests that a low soil pH should be the basis of SDS management. Soil pH can
be lowered by gradually metering out ammonium based fertilizers (Dernoeden, 1991).
Research on ammonium based fertilizers resulted in slowly reducing SDS severity as
much as 50 percent in some instances (Dernoeden, 1991; Dernoeden et al., 1991). In this
study, a “heavy-handed” approach was taken by using S. According to Vincelli and
Williams (1998) S reduces the pH of the bulk soil. They report that heavy applications of
S leads to a slower green-up in the spring and temporary turf thinning, which is consistent
with what was observed in this study. The soil pH of the 9th fairway at Old Waverly was
6.9 in 2004. By the fall of 2006, the pH of both the control and S-treated plots were
considerably reduced. Control plots maintained a mean pH below 5.7 during 2006, while
S-treated plots maintained a mean pH below 5.5 (Table B.1, Appendix B). The only
other treatment in this study in which the soil pH was measured was the Mn treatment in
July of 2006 (mean pH of 5.8). Since the soil pH of the other treatments was not
monitored throughout the study, it is unknown whether their soil pH was at or below 6.0.
According to the superintendent of Old Waverly Golf Club, the fairways were limed in
2004, which would explain the near neutral pH (6.9) during the soil sampling in 2004.
Assuming most plots had a fairly similar soil pH during the study, this could explain why
little difference was observed in SDS severity among treatments.
Foliar Mn levels in the Mn-treated and control plots were similar, and in some
cases, Mn levels were higher in the control plots. After several applications of MnSO4,
Mn levels varied up to 58 ppm within Mn plots and 41 ppm within control plots.
According to A & L Analytical Laboratories, the normal range for bermudagrass Mn
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levels is 35-75 ppm in the spring and 25-300 ppm during the summer. Throughout the
study, Mn levels fell within these ranges except in the spring when Mn levels usually
were greater than 75 ppm (Tables B.2 and B.3, Appendix B). However, the similarity in
Mn levels between the control and Mn-treated plots indicates that there was no luxury
consumption of Mn. Soil pH of the Mn plots ranged between 5.6 and 6.1 in July of 2006.
As previously mentioned, Mn becomes more available as soil acidity increases. The
presence of these acidic soil conditions indicates that Mn should have been available to
the turf.
Results from the single myclobutanil applications in November of 2005 and 2006
were consistent with previous findings. Treadway and Butler (2003) reported that
multiple applications of fungicides were more consistent at reducing SDS than single
applications. They also reported that fenarimol and propiconazole were the best
fungicides for reducing SDS symptoms after the first year’s applications, while
thiophanate-methyl, myclobutanil, and azoxystrobin would provide better results over
successive years. Butler and Treadway (2005) reported that the number of fungicide
applications was not as important as the timing of the applications. Based on the results
of Chapter II in this thesis, SDS symptoms may be reduced with the incorporation of
spring and fall fungicide applications when O. korrae is actively infecting roots of
bermudagrass in the 9th fairway at Old Waverly Golf Club.
Core aerification with and without topdressing significantly improved root health
in the fall and winter respectively, in 2005. This may be attributed to the promotion of
enhanced rooting. However, core aerification alone was the only aerification treatment
that reduced the thatch/mat layer in the spring and the summer compared to the control.
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Core aerification consistently reduced the thatch/mat layer in 2006 compared to the
control.
In 2006, the vertical mowing treatment significantly improved root health in the
winter, spring, and summer seasons as well as improved fall turf color and quality. Due to
the large amount of material removed from the thatch/mat layer, the vertical mowing
treatment was the most aggressive treatment for root disruption. As previously
mentioned, thatch can inhibit the movement of air, water, fertilizers, and pesticides into
the soil (Smiley et al., 2005). Therefore, the reduction of excessive thatch may improve
the overall health of the turfgrass plant.
The combination of improved root health, reduced thatch/mat layer, and enhanced
fall turf color and quality stimulated by the root-disturbing treatments, further support the
importance of cultivation practices in a turfgrass management program. For decades, turf
managers have been using vertical mowing and core aerification to create a “healthier”
turfgrass stand. Although core aerification with and without topdressing did not
significantly influence fall color and quality in this study, these treatments resulted in
successfully promoting root health. A successful integrated SDS management program
should consist of proper cultural, nutritional, and chemical management practices. Based
on the results of this study, further studies consisting of multiple fungicide applications in
conjunction with cultural and nutrient practices need to be investigated.
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APPENDIX A
FAIRWAY SCOUTING REPORT
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Figure A.1.
Fairway scouting report of fairway #9 at Old Waverly Golf Club. The study area is
indicated by the circle.
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APPENDIX B
SOIL PH AND MANGANESE TABLES
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Table B.1 Soil pH values of the control and elemental sulfur treatments
Date
April 26, 2004a
March 23, 2005
October 29, 2005
March 27, 2006
April 6, 2006
July 17, 2006
October 30, 2006
a
b

Control
6.9b
6.1
5.7
5.7
5.5
5.6
5.6

Elemental sulfur
6.9
5.8
5.5
5.4
5.1
5.4
5.2

Soil pH values prior to initiation of the study.
Mean soil pH for entire treatment.

Table B.2 Manganese levels of the bermudagrass leaf tissue from the control and Mn
treatments, 2005.
Date
June 20, 2005
October 21, 2005

Control (ppm)
142
126

Manganese (ppm)
118
85

Table B.3 Manganese levels of the bermudagrass leaf tissue from the control and Mn
treatments, 2006.
Date
May 12, 2006
June 6, 2006

Control plots (ppm)
1
2
3
4
117
91
86
112
104
81
83
122
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Manganese plots (ppm)
1
2
3
4
103
116
85
95
84
107
90
142

APPENDIX C
SEQUENCE OF STEPS IN O. KORRAE ISOLATION AND IDENTIFICATION
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Figure C.1.
Bermudagrass turf-soil cores are removed from the fairway.

Figure C.2.
Bermudagrass root segments are surface-disinfested and allowed to dry.
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Figure C.3.
Bermudagrass root segments are plated on 1/4 strength PDA and allowed to grow 5-7
days.

Figure C.4.
O. korrae-like mycelium is transferred to full-strength PDA.
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Figure C.5.
Electrophoresis gel containing bands produced through PCR-amplification which reveals
a 454-bp segment of O. korrae DNA.
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APPENDIX D
ROOT HEALTH VISUAL RATING SCALE
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1

3

2

4

5

Figure D.1.
Root health rating scale based on % root discoloration: 1 = white roots with minor
discoloration (1-10%), 2 = white with light tanning (11-30%), 3 = light to dark
tan (31-50%), 4 = dark brown with minor rotting (51-76%), and 5 =
black brittle roots (>76%).
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APPENDIX E
SOURCE TABLE FOR OPTIMAL TEMPERATURE STUDY
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Table E.1 Source table for the optimal in vitro growth temperature study.
Isolate
OW-213

Parameter
Intercept
Temp
Temp*Temp

Estimate
-29.4602
5.3083
-0.1168

Std. Error
6.5849
0.7691
0.0206

t Value
-4.47
6.90
-5.68

Pr > [t]
0.0015
<.0001
0.0003

R-Square
0.9275

OW-361

Intercept
Temp
Temp*Temp

-37.6657
6.3908
-0.1521

5.0991
0.5956
0.0159

-7.39
10.73
-9.55

<.0001
<.0001
<.0001

0.9507

OW-163

Intercept
Temp
Temp*Temp

-14.4352
2.9381
-0.0585

2.8315
0.3307
0.0088

-5.10
8.88
-6.61

0.0006
<.0001
<.0001

0.9726

OW-172

Intercept
Temp
Temp*Temp

-17.7293
3.2074
-0.0644

5.1817
0.6052
0.0162

-3.42
5.30
-3.98

0.0076
0.0005
0.0032

0.9239

OW-342

Intercept
Temp
Temp*Temp

-33.1363
5.7654
-0.1319

6.3877
0.7460
0.0200

-5.19
7.73
-6.61

0.0006
<.0001
<.0001

0.9270

OW-461

Intercept
Temp
Temp*Temp

-18.8587
3.8506
-0.0789

6.5843
0.7632
0.0204

-2.89
5.05
-3.86

0.0180
0.0007
0.0038

0.9089

OW-471

Intercept
Temp
Temp*Temp

-33.5508
5.4378
-0.1130

4.0392
0.4718
0.0126

-8.31
11.53
-8.95

<.0001
<.0001
<.0001

0.9798
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